Introduction
============

Chronic obstructive pulmonary disease (COPD) is a common disease characterized by irreversible airflow obstruction. It affects approximately 5%--10% of the United States population and is the fourth leading cause of mortality in the United States, which has been increasing over the past two decades.[@b1-copd-6-563],[@b2-copd-6-563] Moreover, while COPD is a common cause of hospitalization, it is also considered an ambulatory care sensitive (ACS) condition "where access to appropriate ambulatory care prevents or reduces the need for admission to the hospital."[@b3-copd-6-563],[@b4-copd-6-563] One of the Healthy People 2020 objectives is to reduce hospitalizations for COPD by a minimal statistically significant amount.[@b5-copd-6-563]

A person's ability to receive care is affected by the availability of a practitioner to provide service, as well as their financial capability to pay for the service.[@b6-copd-6-563] The availability of practitioners to provide services is affected by geography. Rural areas are sparsely populated, and the distance to health clinics can be a barrier to receiving care. Safety-net facilities provide health care to vulnerable populations. There are two types of facilities of interest: rural health clinics (RHCs) and federally qualified health centers (FQHCs). Both types of facilities are required to provide primary health care services; however, there are differences in the criteria and scope of services each center provides. RHCs are located in nonurbanized areas, whereas FQHCs do not have a restriction on their location.

Previous research involving access to care and COPD has demonstrated regional differences in the health status of patients with COPD,[@b7-copd-6-563]--[@b12-copd-6-563] as well as differences in the number of primary care physician visits.[@b13-copd-6-563] Investigation of ACS conditions has found increased hospitalization rates for residents of geographically isolated regions,[@b14-copd-6-563] and that the presence of health centers has an inverse relationship with hospitalization rates for ACS conditions.[@b15-copd-6-563],[@b16-copd-6-563] However, these studies either have not been conducted in the United States, examined large heterogeneous areas, or did not exclusively investigate COPD. Regional differences in Texas COPD hospitalization rates have been previously investigated and it was found that nonmetropolitan counties had higher hospitalization rates compared with metropolitan counties. [@b17-copd-6-563] The purpose of this study was to further examine factors that may contribute to regional variations in hospitalization rates for COPD in Texas, including the types of safety-net facilities, density of pulmonary specialists and hospitals, and degree of rurality.

Materials and methods
=====================

Data sources
------------

This research involved a cross-sectional analysis of COPD hospitalization rates in Texas during 2007. For this study, three datasets were obtained: the Texas Health Care Information Council's (THCIC) inpatient dataset for 2007,[@b18-copd-6-563] the Texas State Demographer's population projections file for 2007,[@b19-copd-6-563] and the Area Resource File (ARF) for 2009. The THCIC collects Texas hospital discharge data with the goal of providing information that will enable consumers to have an impact on the cost and quality of health care in Texas.[@b20-copd-6-563] The Texas demographer's projection file is comprised of population estimates for the 254 counties in the state. For each county, the estimates are stratified by age, sex, and race/ethnicity. The ARF is a county- specific database of more than 50 sources and 6000 variables.[@b21-copd-6-563] It contains information on health services and resources, as well as socioeconomic and environmental characteristics. The ARF 2009 database provided information on previous years' data, of which the 2007 Texas information was extracted.

Inclusion/exclusion criteria
----------------------------

COPD was defined using the International Classification of Diseases codes 9th revision (ICD-9). The definition used in this study followed the Agency for Healthcare Research and Quality's (AHRQ) prevention quality indicator technical specifications.[@b22-copd-6-563] The AHRQ recommends that this measure be used on the population level to compare quality and access to care across communities. The AHRQ definition of COPD is limited to adults over the age of 18 years. A patient was classified as having COPD if they had a principal diagnosis ICD-9 code of 491.xx, 492.xx, 494.xx, or 496, or if they had a principal diagnosis of 4660 or 490 with a secondary diagnosis of 491.xx, 492.xx, 494.xx, or 496.

Outcome variable definition
---------------------------

The analysis dataset was comprised of counts of COPD hospitalizations stratified by gender, race, and age category in each county as well as the estimated populations of the corresponding subgroup. Rate was defined as the number of counts divided by population at risk per 100,000 observations. County-, gender-, race-, and age-specific inpatient rates were the outcome of interest.

Explanatory variables
---------------------

The primary explanatory variable of interest was the presence of health centers; the ARF 2009 database contained the number of FQHCs, and RHCs in all Texas counties for 2007. The presence of health centers was divided into four mutually exclusive categories. If a county only had FQHCs, it was categorized as "FQHC only"; if only RHCs were in the county, then it was categorized as "RHC only"; if at least one of each type were in the county, it was categorized as "Both"; and if neither type of health center was present in the county, then it was categorized as "Neither."

Other variables included presence of pulmonary specialist, age, race/ethnicity, gender, and metropolitan status of the county. A dichotomous variable was created to indicate whether a county had none or at least one pulmonary specialist. Age was treated as a categorical variable: "18--44," "45--64," and "65 and above." Race and ethnicity were combined to create three categories: "non-Hispanic Whites," "non-Hispanic Blacks," and "Hispanics." Metropolitan status was categorized using urban influence codes. These codes divided counties, county equivalents, and independent cities into 12 groups. Metropolitan counties are defined as "those in a large area with at least 1 million residents" and "those in small areas with fewer than 1 million residents."[@b23-copd-6-563]

To further characterize the four health center regions, density indices of rural counties, hospitals, and pulmonary specialists were calculated. Rural concentration was defined as the number of nonmetropolitan counties divided by the number of metropolitan counties, and was used to measure the level of geographic isolation. Hospital concentration was the ratio of the number of hospitals in a region divided by the number of counties. Similarly, pulmonary specialist concentration was defined as the number of pulmonary specialists divided by the number of counties.

Statistical analysis
--------------------

Poisson regression was used to model the relationship between rate of COPD hospitalization and health center presence adjusting for other covariates. Over dispersion was accounted for, and multicollinearity of the explanatory variables was checked using the variance inflation factor. For the analysis, the regression model used was as follows: the primary explanatory variable was health center presence. The secondary variable of interest was the dichotomized variable of whether or not the county had at least one pulmonary specialist. The patient control variables were age category, race/ethnicity, and gender. The county control variables were metropolitan status and total number of hospitals. Simple regressions were performed one predictor at a time to assess the association between explanatory variables and COPD hospitalization. Multivariable regressions were then performed to control for the effects of the patient and county control variables. In the multivariable model, significant interaction was found between race/ethnicity and health center presence, suggesting that COPD hospitalizations differ according to a patient's race/ethnicity with respect to the type of safety-net center access available to them. Therefore, stratified analyses were performed according to health center presence. The analysis was performed using SAS^®^ (SAS Institute, Cary, NC) software, version 9.2. All results were considered statistically significant if the *P*-value was no more than 0.05. The Institutional Review Board of the University of North Texas Health Science Center at Fort Worth approved the study (IRB\# 2010-011).

Results
=======

Of the 254 counties, there were 21.3% with neither a RHC nor a FQHC; 13.8% with only FQHCs, 44.8% with only RHCs, and 20.1% with both types of health clinics. Choropleth maps were created using ArcMap (v 10; ESRI, Redlands, CA) to show the rates of hospitalization and county health center type ([Figure 1](#f1-copd-6-563){ref-type="fig"}), as well as hospitalization rate with frequencies of pulmonary specialists ([Figure 2](#f2-copd-6-563){ref-type="fig"}). The characteristics of these categories of counties varied widely according to race/ethnicity, rural concentration (number of nonmetro counties/number of metro counties), and hospital concentration (number of hospitals/number of counties), and pulmonary specialist concentration (number of specialists/number of counties) ([Table 1](#t1-copd-6-563){ref-type="table"}). Non-Hispanic Whites were the majority race/ethnic group in counties with neither type of clinic (66.5%) or only an RHC (66.7%), Hispanics were the majority in counties with both types of clinics (52.7%), and the distribution of non-Hispanic White (42.0%) and Hispanic (38.5%) were similar in counties with only FQHCs. Counties with only RHCs had the highest level of rurality (4.7) and the lowest access to hospitals (1.12) and pulmonary specialists (0.22). In contrast, counties with only FQHCs had the lowest level of rurality (0.6) and the highest access to hospitals (8.3) and pulmonary specialists (11.9). The other two categories of counties with neither or both RHCs and FQHCs had intermediate levels of rurality (neither = 1.6, both = 2.6) and access to hospitals (neither = 1.4, both = 1.6) and pulmonary specialists (neither = 1.3, both = 0.6). The distribution of pulmonary specialists across Texas counties in 2007 varied widely ([Figure 2](#f2-copd-6-563){ref-type="fig"}).

In the 2007 THCIC dataset, there were 27,105 COPD hospitalizations. [Table 2](#t2-copd-6-563){ref-type="table"} shows the frequency and unadjusted hospitalization rates per 100,000 observations, and the rate ratios of COPD hospitalization for the study's primary variables of interest. The hospitalization rates in ascending order according to health center presence were: FQHC only (132.23), both FQHC and RHC (174.34), neither FQHC nor RHC (181.91), and RHC only (229.68). Counties with no pulmonary specialists had a significantly higher hospitalization rate (233.34) compared with counties with at least one (138.57). In 2007, the COPD hospitalization rate was significantly higher in females (174.01) than in males (136.12). Patients aged 65 and above (780.27) and non-Hispanic Whites (234.07) had the highest rates of hospitalization. Metropolitan counties had a significantly lower rate (142.98) compared with nonmetropolitan counties (236.64).

The multivariable Poisson regression model showed significant interaction (*P* = 0.0004) between health center type and race/ethnicity, suggesting a difference in the hospitalization rates according to the health centers in the county and the race/ethnicity of the patient. To further explore how the presence of health centers modified the relation between race/ethnicity and COPD hospitalization rate, stratified regressions were performed for the four levels of health center presence. [Tables 3](#t3-copd-6-563){ref-type="table"} and [4](#t4-copd-6-563){ref-type="table"} show the adjusted rate ratios for the stratified analysis. In counties with only FQHCs as well as in counties with both FQHCs and RHCs, having at least one pulmonary specialist in the county was found to significantly lower hospitalization rates (rate ratio \[RR\] 0.74, 95% confidence interval \[CI\] 0.59--0.94 and RR 0.63, 95% CI 0.55--0.72), respectively. Compared with males, females have a significantly higher rate of hospitalization in counties with FQHCs only (RR 1.09, 95% CI 1.02--1.16) as well as in counties with RHCs only (RR 1.11 95% CI 1.03--1.18). Across all strata, both age category (*P* \< 0.0001) and race/ethnicity (*P* \< 0.0001) were significantly associated with hospitalizations. Patients in the 65 years and above age category and non-Hispanic Whites have the highest rates of hospitalization. Rates of hospitalization were significantly lower in nonmetropolitan counties with both FQHCs and RHCs.

Discussion
==========

Regions in Texas with only RHCs have the highest rates of hospitalization for COPD compared with regions with only FQHCs, which have the lowest rates of hospitalization. Variations in access to health care may partly explain these disparities. Regions with only RHCs are mostly rural and have the lowest access to pulmonary specialists and hospitals. In contrast, counties with only FQHCs are near major metropolitan areas in Texas, and have greater access to pulmonary specialists and hospitals. Interestingly, counties with both types of health centers and counties with neither had similar intermediate hospitalization rates. These health centers are located in areas with medically underserved populations and have intermediate-density levels of hospitals, pulmonary specialists, and rurality. Health centers are placed in medically underserved areas; counties with both types of health centers may have a greater medically underserved population. The presence of the facilities does not necessarily mean that people are utilizing them. Having both types of facilities in a county may be a reflection of a significant need for treating other diseases, not necessarily COPD.

Factors that may affect COPD hospitalization rates are many and include patient-related, environmental, and health care factors. Patient-related factors include: gender, race/ethnicity, severity of illness, low adherence to treatments that decrease exacerbations, and delay in treating exacerbations with systemic steroids and antibiotics. The significant differences between genders observed in counties with only FQHCs or RHCs showed that females had approximately 10% increase in hospitalization rates. Different economic and psychosocial factors may have influenced the utilization patterns of individuals in these areas. Gender differences in manifestations of COPD have suggested that females may experience changes in lung function and susceptibility, while males may experience more cough and sputum.[@b24-copd-6-563],[@b25-copd-6-563] Investigation of health care utilization among COPD patients has found that over 50% of emergency department and inpatient admissions are made by females.[@b26-copd-6-563] The significantly lower rates observed among Hispanics may be due to their lower prevalence of COPD.[@b27-copd-6-563],[@b28-copd-6-563] The RR for Hispanics relative to non-Hispanic White hospitalization is similar across all strata except for counties that have both types of health clinics, which are also predominantly Hispanic (52.72%).

Health care related factors include access to and quality of primary, specialty, and hospital care. The differences observed in rates may have been affected by variations in staffing and services at the health centers. RHCs must be staffed by at least one mid-level practitioner (physician assistant, nurse practitioner, or certified nurse midwife), and a physician must be present to supervise the practitioner. The mid-level staff must be onsite at least 50% of the time the clinic is open.[@b29-copd-6-563] While FQHCs have no specific staffing requirements, they are required to have a core staff of fulltime providers, but no definition of core staff. It is recommended that they maintain a staff level that allows for about 5000 visits per year, with a physician to patient ratio of 1:1500 and a mid-level practitioner to patient ratio of 1:750.[@b30-copd-6-563] Moreover, differences in services provided between the two types of health clinics may have an effect on hospitalization rates. FQHCs have a governing board that is made up of at least 50% of registered clients, which enables the health center to set agendas for improving the health status of the community. FQHCs are also required to provide information on preventive care. There has been a large investment in FQHCs but not in RHCs.[@b31-copd-6-563] In Texas, counties with RHCs have poorer health outcomes overall in terms of mortality and morbidity than the counties of major metropolitan areas.[@b32-copd-6-563]

The unadjusted RR for counties with a pulmonary specialist showed that there was a significantly lower rate of hospitalization. This was also seen in the stratified analysis for counties with only FQHCs, and counties with both FQHCs and RHCs. These results are consistent with evidence that physician supply and ACS conditions are inversely related for patients 18 years and older.[@b33-copd-6-563]

The results of this exploratory analysis have some limitations. Smoking status and smoking rates for subgroups/regions were not available; a higher prevalence of smoking would contribute to a higher prevalence of COPD and exacerbations, which in turn leads to increased hospitalization rates. A study of the prevalence of smoking found that the rate was highest in the Southern United States, and among those states, rural Texas smoking rates had increased by 2% between the mid-1990s and 2001.[@b34-copd-6-563] In addition to this, the data obtained from the THCIC did not contain unique patient identifiers, which prohibited the analysis from differentiating between repeated hospitalizations. ICD-9 codes were used to identify cases of COPD because spirometry data was not available, which may result in diagnostic misclassification. However, the use of these codes as a proxy for case identification has been used in other studies.[@b7-copd-6-563],[@b10-copd-6-563] Moreover, the lack of spirometry data did not allow us to determine the severity of the disease, which affects frequency of exacerbations. The information available did not allow us to determine whether or not a patient had used a health clinic in their county. Knowledge of which health clinic was used might affect the results, since use of a clinic in a contiguous county is probable if there is no clinic nearby. The way in which the medically underserved areas were defined for clinics was not at the county level, but at a smaller scale, which data limitations did not allow us to take into account. The analysis dataset contained a combination of individual and aggregate level variables, interpretations may be subject to ecologic fallacy.

Conclusion
==========

Few investigations have been conducted to examine factors associated with variations in hospitalization rates for COPD, and this analysis provides new results on urban--rural differences, presence of safety-net clinics, and density of pulmonary specialists and hospitals. The results suggest that the presence of RHCs alone may be insufficient for preventing hospitalizations for COPD. Various factors may explain the higher hospitalization rates in counties with RHCs, such as racial and ethnic distribution, limited access to other health care resources, and the level of rurality, which creates greater distances to care and lower concentration of hospitals and pulmonary specialists. Future research should examine the types of services being utilized by COPD patients at these health clinics in order to determine effective means of providing treatment from these centers. Greater attention needs to be focused on methods for preventing hospitalizations from COPD by providing effective ambulatory-care services for patients with COPD in rural communities. Continued research in health care utilization for patients with COPD is important in order to achieve the Healthy People 2020 goal of reducing the burden of COPD.
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![Safety-net facility presence and hospitalization rates in Texas counties, THCIC 2007.\
**Abbreviations:** COPD, chronic obstructive pulmonary disease; FQHC, federally qualified health center; RHC, rural health clinic; THCIC, Texas Health Care Information Council.](copd-6-563f1){#f1-copd-6-563}

![Pulmonary specialists and hospitalization rates in Texas counties, THCIC 2007.\
**Abbreviations:** COPD, chronic obstructive pulmonary disease; THCIC, Texas Health Care Information Council.](copd-6-563f2){#f2-copd-6-563}

###### 

Characteristics of Texas counties according to county health center presence in 2007

                                                                                 Neither type of health center   FQHC only   RHC only   Both types of health center
  ------------------------------------------------------------------------------ ------------------------------- ----------- ---------- -----------------------------
  Number of counties                                                             54                              35          114        51
  Number of metro counties                                                       21                              22          20         14
  Number of nonmetro counties                                                    33                              13          94         37
  Percentage NH White                                                            66.50%                          41.95%      66.71%     40.10%
  Percentage NH Black                                                            9.24%                           14.08%      7.51%      5.63%
  Percentage Hispanic                                                            21.39%                          38.51%      24.57%     52.72%
  Number of hospitals                                                            77                              290         128        80
  Number of pulmonary specialists                                                72                              417         25         32
  Rural concentration[a](#tfn1-copd-6-563){ref-type="table-fn"}                  1.57                            0.59        4.70       2.64
  Hospital concentration[b](#tfn2-copd-6-563){ref-type="table-fn"}               1.43                            8.29        1.12       1.57
  Pulmonary specialist concentration[c](#tfn3-copd-6-563){ref-type="table-fn"}   1.33                            11.91       0.22       0.63

**Notes:** Rural concentration was defined as the number of nonmetro counties divided by the number of metro counties;

hospital concentration was defined as the number of hospitals divided by the number of counties;

pulmonary specialist concentration was defined as the number of pulmonary specialists divided by the number of counties.

**Abbreviations:** FQHC, federally qualified health center; RHC, rural health clinic; NH, non-Hispanic.

###### 

Frequency and rate of COPD hospitalization in the 2007 THCIC data

                                          N = 27,105   Rate per 100,000                                   Rate ratio                                       LCL    UCL
  --------------------------------------- ------------ -------------------------------------------------- ------------------------------------------------ ------ -------
  **County health center presence**                                                                                                                               
  Neither (reference)                     3867         181.91                                             --                                               --     --
  FQHC only                               14,560       132.23[a](#tfn5-copd-6-563){ref-type="table-fn"}   0.73                                             0.64   0.82
  RHC only                                4697         229.68[a](#tfn5-copd-6-563){ref-type="table-fn"}   1.26                                             1.09   1.46
  Both                                    3981         174.34                                             0.96                                             0.82   1.116
  **County with pulmonary specialists**                                                                                                                           
  None (reference)                        7122         233.34                                             --                                               --     --
  At least one                            19,973       138.57[a](#tfn5-copd-6-563){ref-type="table-fn"}   0.59                                             0.54   0.65
  **Gender**                                                                                                                                                      
  Male (reference)                        11,810       136.12                                             --                                               --     --
  Female                                  15,295       174.01                                             1.28[a](#tfn5-copd-6-563){ref-type="table-fn"}   1.18   1.39
  **Age category (years)**                                                                                                                                        
  ≥65                                     18,313       780.27                                             --                                               --     --
  45--64                                  8126         147.52[a](#tfn5-copd-6-563){ref-type="table-fn"}   0.19                                             0.18   0.19
  18--44                                  666          6.93[a](#tfn5-copd-6-563){ref-type="table-fn"}     0.01                                             0.01   0.01
  **Race/ethnicity**                                                                                                                                              
  NH White (reference)                    20,796       234.07                                             --                                               --     --
  NH Black                                2591         131.49[a](#tfn5-copd-6-563){ref-type="table-fn"}   0.56                                             0.49   0.64
  Hispanic                                2753         47.02[a](#tfn5-copd-6-563){ref-type="table-fn"}    0.20                                             0.18   0.23
  **Metropolitan status**                                                                                                                                         
  Metro (reference)                       21,717       142.98                                             --                                               --     --
  Nonmetro                                5388         236.64[a](#tfn5-copd-6-563){ref-type="table-fn"}   1.65                                             1.49   1.83

**Note:** Significant (*P* \< 0.05) difference from the reference category.

**Abbreviations:** COPD, chronic obstructive pulmonary disease; FQHC, federally qualified health center; RHC, rural health clinic; NH, non-Hispanic; LCL, 95% lower confidence limit; UCL, 95% upper confidence limit; THCIC, Texas Health Care Information Council.

###### 

Adjusted COPD hospitalization rate ratios of Texas counties with only one type of safety-net facility

                                         FQHC only   RHC only                                          
  -------------------------------------- ----------- ---------- ------ ---------- ------ ------ ------ ----------
  **County with pulmonary specialist**                                 0.0139                          0.087
  Yes versus no                          0.74        0.59       0.94              1.09   0.99   1.21   
  **Gender**                                                           0.0111                          0.0038
  Female versus male                     1.09        1.02       1.16              1.11   1.03   1.18   
  **Age category**                                                     \<0.0001                        \<0.0001
  45--64 versus 65 and above             0.18        0.17       0.19              0.29   0.27   0.31   
  18--44 versus 65 and above             0.01        0.01       0.01              0.02   0.01   0.02   
  **Race/ethnicity**                                                   \<0.0001                        \<0.0001
  NH Black versus NH White               0.9         0.82       0.99              0.88   0.76   1.02   
  Hispanic versus NH White               0.37        0.33       0.41              0.31   0.27   0.31   
  **Metropolitan status**                                              0.329                           0.338
  Nonmetro versus metro                  0.87        0.66       1.15              1.04   0.96   1.13   
  **Total hospitals**                    0.99        0.99       1      0.475      1.05   1.02   1.07   \<0.0001

**Note:** *P*-values are for type 3 analysis of effects.

**Abbreviations:** COPD, chronic obstructive pulmonary disease; FQHC, federally qualified health center; RHC, rural health clinic; NH, non-Hispanic; RR, rate ratio; LCL, 95% lower confidence limit; UCL, 95% upper confidence limit.

###### 

Adjusted COPD hospitalization rate ratios for Texas counties with neither or both types of safety-net facilities

                                         Neither FQHC nor RHC   Both FQHC and RHC                                          
  -------------------------------------- ---------------------- ------------------- ------ ---------- ------ ------ ------ ----------
  **County with pulmonary specialist**                                                     0.789                           \<0.0001
  Yes versus no                          1.02                   0.89                1.15              0.63   0.55   0.72   
  **Gender**                                                                               0.064                           0.489
  Female versus male                     1.09                   0.99                1.19              0.97   0.89   1.06   
  **Age category (years)**                                                                 \<0.0001                        \<0.0001
  45--64 versus ≥65                      0.22                   0.19                0.24              0.18   0.16   0.2    
  18--44 versus ≥65                      0.01                   0.01                0.01              0.01   0.01   0.01   
  **Race/ethnicity**                                                                       \<0.0001                        \<0.0001
  NH Black versus NH White               0.67                   0.53                0.84              0.71   0.57   0.89   
  Hispanic versus NH White               0.37                   0.29                0.47              0.55   0.49   0.62   
  **Metropolitan status**                                                                  0.515                           \<0.0001
  Nonmetro versus metro                  0.96                   0.85                1.09              0.77   0.68   0.87   
  **Total hospitals**                    0.99                   0.98                1.02   0.861      0.98   0.96   0.99   0.0022

**Note:** *P*-values are for type 3 analysis of effects.

**Abbreviations:** COPD, chronic obstructive pulmonary disease; FQHC, federally qualified health center; RHC, rural health clinic; NH, non-Hispanic; RR, rate ratio; LCL, 95% lower confidence limit; UCL, 95% upper confidence limit.
